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1. Introduction

1.1  The purpose of this procedure is to give the beginning operator step-by-step instructions for doing
the most usua measurement of an optic. Magtering this procedure is considered the necessary minimum for
anyone to be certified to operate the Long Trace Profiler (LTP).

1.2 Itisassumed that the LTP is completely digned and needs no adjustment, except for the Surface
Under Test (SUT) stage tip and tilt, and for the beam separation adjustment. In fact, it is assumed that the
profiler isleft in a gate from successfully measuring something previoudy.

1.3  The LTP is much more versatile than indicated in this beginner's procedure. For information on
other procedures or theory of operation of the LTP, consult the LTP manua from Continental Optica
Corporation. (There will be differences in details of operation, because Continental's production LTP
differsin some details)

14 Notation.

1.4.1 Itisassumed that the operator isfamiliar with the most common Windows 95 features.

1.4.2 Thingsin double quotes™ " indicate either Windows menu items or a control in awindow.

1.4.3 Step numbersindicate the order in which operations are done. If a section of stepsis to be passed
over, for example, then go to the next higher section number.

2. Pre-measurement procedure

2.1  Cleanshoes, put on gppropriate garments.

2.2  Go indde clean area where the Long Trace Profiler (LTP) is, and switch on celing lights and HEPA filter f
(HEPA filter operation is controversd.)

2.3  Lightly clean dust from the LTP's ceramic beam and the top of the linear DRC glass scde. A smdll
amount of ethanal or isopropanol on a Kimwipe is recommended.
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24  Turnon ar drier unit in main lab room with the switch but not the air vave. The red light on unit
should be ON at firg, indicating that air istoo warm.

25 If any package containing optics needs to be opened, this is the time to open it. The package
should be opened outside the clean area. Leave dirty packing materids outside the clean area, and bring
only the optic with its protective covering ingde the LTP room. The optic to be measured is cdled the
surface under test (SUT).

26  Turn on computer, monitor, and printer. After the computer has booted, click on "Start",
"Programs’, "LTPw", "LTPw". The LTPw program starts, and prompts you to choose a project folder
wherethe Not epad fileresdes (Figure2.1). Not epad is the standard Windows 95 text editor, and is
used autometicaly for LTPw text files in the project folders. Not epad is expected to be in
"C:\Windows\". If the project folder exists for the mirror you will measure, then openthe* . TXT filein that
folder, and append any useful information to the document, including today's dete and your initias (Figure
2.2). If the project folder does not yet exigt, then click on "Creste new folder” (it's an icon) in the File Open
didog box. Give a short, descriptive name to the folder, and likewise for the text file. After saving thefile,
LTPw isready to run.

2.7  After thered light on the ar drier goes out, open the air to the LTPs ar bearing. The vave for this
is the yellow handle on the air drier. The open position is when the handle is parale to the copper pipe.
Air will be heard hissng from the LTP ar bearing. Go to the front of the LTP and very carefully pull up on
the carriage with both hands, until the air bearing is seated to give minimum hissng sound. The carriage
should freely move dong the ceramic beam.

2.8  Turn on switch to outlet strip above the LTP table. While touching the metd table top with one hand
(to discharge any datic dectricity from you), press the ‘output’ button on the laser diode power supply. The
display should indicate between 40 and 65 ma. Do not adjust this current value. The laser diode power
supply should dready have been on. At thistime the motor amplifier unit should be unplugged.

29 Refer to the 'Round Inspection Sheet' and insure that al air pressures, vacuum values, and other
itemsin the lab are acceptable.

2.10 IntheLTPw program, click on "Hardware', "Manua Operation”.

211 Click on "Initidize". If the motor and camera are connected properly, then "Actud Pogtion” will
show a number that changes as the carriage moves and the camera output will be displayed as a plot of
intengty vs. pixel pogtion. If "Actud Postion" does not display properly, click on "Parameters’, "Motor
Parameters’ and make sure that the numbers in edit boxes correspond to hardware jumper positions on the
motor controller board that plugs into the PC ISA bus. If neither patterns from the laser diode nor room
lights are being displayed, click on "Parameters’, "Detector Parameters’, and make sure that the address is
set properly for the camera board that plugsinto the I1SA bus.
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== | TPw : Long Trace Profiler Control for Windows

File Procesz Scan Hardware “iew Help
Open
Look, i Ia Data

_1BI7311
|:| Test

Flepone: [ [ e |
Files af type: IF'rn:ie:::tTe:-:t Filez: * TxT j Cancel |

Feady l_l_l_ o

Figure2.1 Opening the project folder.

== LTPw : Long Trace Profiler Control for Windows

File Procesz Scan Hardware Wiew Help

File Edt Seach Help

-LOG
1:13 PH 317797

Joe Schmoe gave me a mirror to measure without a specification
sheet. ({Remind him to give me one.) 0D measures 388mm X 46mm
% 18 mm. It's called M3, and will go into BL 13.4.5.

Orientaion mark: chipped corner at one end, and a big, gaping
scratch just inside the CA at the other end. The chip will
define the S05 for fwd direction. --sci.

1:13 PH 317798

bue wanted sagittal measurements as well. The chip at one

corner defines EOS in fwd direction. --s5ci.

Ready I_I_I— v

Figure2.2 Documenting the project.
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2.12 Ensure tha the limit switches will be hit before any damage can be done to the LTP system when
the carriage moves over the length of the stage.

2.13 Lift the brass block which is on the top of the carriage. Move the duminum stubs out from under
the block hangars. Carefully lower the brass block.

214 It is now sdfe to energize the motor. Plug in the motor amplifier unit. The carriage should be
difficult to movein the x direction.

2.15 Turn off the HEPA filter fan.

3. Measuring the Surface Under Test (SUT)

3.1 Pace SUT onthe LTP stage. Adjust the stage orientation with the tip/tilt screws and the large
trandation stages so that the SUT is in a good measuring podition and so that the SUT is nearly horizontal.
Make sure that the carriage will not hit anything when it is moved dong the entire length of the sage.

3.2  Click on "Motor" so that it is OFF (the "Motor ON" radio button is not dotted); the carriage will
now move fredy. Set the carriage so that the probe beam is a the Ieft-most edge of the SUT. This position
is called the start-of-scan position, or 'SOS.

3.3  Makesurethat the carriageis not drifting, and click on "Initidize’. Now the carriageisat x =0, and
the motor is ON, holding that position.

3.4  Determine an appropriate value for "Margin" xm, that will be entered later. Margin is the length
needed for the carriage to reach maximum velocity during the congtant acceleration period plus a little more
for the carriage to reach agtable motion. This"littlemore’ e is determined experimentdly. Thus,

Xm = V2 [ (2a) + e,
where 'v' is the scan speed (shown in an edit box in the "Measurement Scan™ window described later) and
'd isaccderation (shown in "Hardware”, "Parameters’, "Motor Parameters’).

3.5  Enter anegaive number for "Next Postion”. This number should be round (e.g. xg = -50), and the
carriage should be able to go to that position without colliding with anything. Also, the absolute vaue of this
number should be greater than "Margin” Xm
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Figure3.1 Pogtiond reationship of scan parameters.

3.6 Clickon"Move'. After the carriage has moved to the negative pogtion, click on "Initidize", so that
Xg = 0. Using the above example (paragraph 3.5), % will now be 50. Refer to Figure 3.1 for a picture of
these values.

3.7  Click on "Motor" so that it is OFF. Move the cariage by hand so that the probe beam is at the
right-most edge of the SUT. Note the "Actual Postion” reading %. (The LTP is being used like an
expengveruler.) The center of themirror will beat Xz = (Xj+Xf) /2.

3.8  Movethe carriage by hand to xg = 0. "Actud Pogtion" and "Desired Postion" should both be O to
within 0.1 mm. Then dick on "Motor" to turn the motor ON.

3.9  Enter x; into "Next Pogtion”. Click on "Move'. Cover the indde of the internd REF mirror, so
that no reference beam light getsinto the LTP optica system.

3.10 Adjud thetip and tilt screws of the stage so that the collimated red light from the profiler reflects off
the SUT and back into the LTP optica system. Adjust the tip and tilt more carefully, so that thislight can be
seen on awhite card placed just after the LTP lens.

3.11 Usng the white card and tip/tilt Stage screws, get the light to reflect from the fold mirrors so that
there are three reflections from the lower mirror (one from the doped part of the mirror and two from the
levd part of the mirror). The pattern from the SUT should now be visble a the detector array, which is
indicated by seeing it dso on the ‘ground glass screen.

3.12 Theintengty patern should aso be visble as a plot in the LTPw "Hardware", "Manud Operation”
window. This may be viewed more clearly a a digance by dicking on "View", "Big Picturé' and
maximizing dl LTPw windows. Adjud the tip of the SUT carefully to get the intengty pattern centered in
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the top detector array, which is plotted as the yellow trace. Avoid getting any of this light in the other array
(green trace).

3.13 Peform this Sep if the referenceis used. Remove the cover from the reference beams. Adjust the
internal beamsplitter (tip and tilt) so that its pattern is close to the center of the lower detector array, which is
plotted as the green trace. Adjust the externd reference mirror in the sameway. Given that the entire array
displays atota dope range of 10 mrad, the two reference patterns should be separated by about 1 mrad.

3.14 Adjug the man intendty control (just after the light source) and the rotating half-wave plate to get
the best baance in intensity between dl the patterns. This slep may have to be done iteratively. A neutra
dengty filter may have to be placed over the haf-wave plate to reduce overdl intensity of the beams.

3.15 Adjust the beam separation control (knurled knob of the corner reflector's trandation stage on the
upper right of the optical box) very dightly, so that each intengity pattern conssts of a symmetric double
peak.

3.16 Determine the ends of the measurement scan Xgng and Xegs:  These will be the points closest to the
SUT edges (xj and ¥ respectively) where the SUT intensity pattern is valid, as seen in the LTPw window.
If the SUT has sgnificant curvature, these points may be far from the SUT edges. In any case, the intensity
patterns must remain on the detector array over the entire measurement scan.

3.17 Movethecariageto xg = 0.
3.18 Exit the hardware window and click on "Scan", "Messurement Scan'”.

3.19 Enter the scan parameters into the edit boxes as needed. Again, refer to Figure 3.1 for the meaning
of these parameters.

3.20 Click on "Parameters’, "Intengity Patterns'. Set the pattern sequence to "1,2" if there is one pattern
in ydlow and two patternsin green; or to "1,0" if thereis one pattern in yellow and nonein green. Click on
"OK".

3.20.1 The other parametersin this menu item may be set to your preference.

3.21 When you are ready to make a measurement scan, click on "Scan'.

3.21.1 Enter afilename for holding the intendty data. It is recommended that the same filename be used
and written over for al measurements in this project folder, snce intensity files can be very large (severd
megabytes).
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3.21.2 Turn off any fans or temperature control equipment. Close the LTP shroud door. Closethe LTP
room door. Wait about 30 seconds for the air to become cam.

3.21.3 Typeinacomment if you wish. Turn off the LTP room lights and dlick on "OK".
3.21.4 Wait for the SUT to be completely scanned. Thisis an automatic process.

3.21.5 When the measurement scan is finished, the carriage will automatically return to x = 0, if this
parameter was set. It isagood ideato set the carriage to zero after each scan. If for somereason LTPw is
exited, then "Actud Pogtion” will adways be zero when restarting LTPw regardless of the actud carriage

position.

3.22 Exit the "Measurement Scan" window.

4. Analyzing the data
4.1  Inthe LTPw man menu bar, cick on"Process’, "Intensty to Sope Conversion”.

4.1.1 The intengty data file you saved in paragraph 3.21.1 should be listed in the Open didog box.
Double dick onthisfile (A. 1 NT). SeeFigure4.1.

4.2  The"Intendty to Sope’ (12S) Converson window gppears. The threshold is set to 0.1 by default,
but you will probably have to change thislevd to get 12S to convert dl x positions without error.

4.2.1 If you are unsure about where threshold should be, click on "Plotting” so that it is ON, and then
cick on"Single’. (“Re” compares the threshold to each pattern’s relaive height, whereas “ Abs’ compares
the threshold to any pattern asit gppears in the plot rectangle.)

4.2.2 If the error message "Nr intengty patterns not expected” pops up , then click on "Ignore’ and adjust
threshold to a vaue that will probably work better (Figure 4.2). Make sure that the box "Nr.
Patterns” contains the correct sequence of patterns. See Appendix B for more explanation.

423 Click on"Sngle".

4.2.4 Repeat seps4.2.2 and 4.2.3 until al x positions can be converted without error.
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4.3  After successful converson of dl x postions, a surface data window should gppear for each of the
patterns converted (SUT, internal REF, and externd REF if three patterns are recorded). Each surface
data window displays dope as afunction of x, and the 12S window disappears (Figure 4.3).

4.4  If morethan one intendty pattern was recorded, then click on "Process’, "Multiple Pattern”.

4.4.1 Thetitles of the surface data windows that were generated by 12S should be listed in the edit box
labeled "Surfaces'. If not, you may change either the window titles or the entry in the edit box.

442 The box labded "Respective multipliers’ should contain the proper sequence for a linear
combination of the dope functions that will yield a corrected dope function. These numbers will depend on
the orientation of the detector array with respect to the LTP opticd system and angular relaionship
(magnitude and sign) between SUT, externd REF, and internd REF patterns.

443 Click on "OK". A fourth surface data window will gppear that contains the corrected dope
function. 'Y ou must manudly close the previous windows if you wish. See Figure 4.4.

45  Thismay be agood timeto enter a comment (e.g., temperature during the measurement, orientation
of the SUT, and your initids) and to save the surface data file under a unique, descriptive name.

4.6  The'raw' dope function may have a considerable amount of constant dope component, which is
manifest in the height function astilt. Just as the surface is not affected by a physicd tilting of the mirror, so
too may the average dope value be subtracted from the dope function.

4.6.1 Click on"Detrend", "Function Fit", "Polynomid"”. Set "Degreg’ to 0", and click on "OK".

4.6.2 Click on"Reddud function"; dick on"OK".

4.7  The surface may have a consderable amount of curvature, which would be represented by a dope
function with a graight-line trend. The amount that thisline is danted is proportiond to the curvature, which
isthe reciprocd of the radius of curvature.

4.7.1 Click on"Detrend", “Function Fit", "Polynomial”. Set "Degree® to"1", and dick on "OK"".

4.7.2 Click on"Reddud function”; click on"OK". SeeFigure 4.5.
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Figure4.1 Opening the intengity pattern datafile.
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Figure4.2 Oops, the threshold might be set too high.
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Figure 4.5 Detrending the dope function by removing average curvature.

4.8 If the owner of this optic has specified a clear aperture (CA) to the optic vendor, then the values
that are displayed in the current data should be those only for the specified CA. Edit the data to redtrict the

positions for which the values are valid. As an example, SUpPPose Xgng = 100, Xggs = 400, and the CA is
the center 280 mm portion of the SUT.

4.8.1 Click on"Edit", "Surface Attribute".
4.8.2 Move the mouse cursor to within the edit window plot.

4.8.3 Click inthe plot region (with the left button) where you would like the left Side of the vaid data to
begin. While looking & the x position window, keep clicking until you get to the correct x value. Click and
drag the green line horizontaly over the invaid data region (going just beyond the plot region if you wish),
and release the mouse button. Click on "Invaidate'.

4.8.4 Click in the plot region where you would like the right Sde of the vaid data to end. Again, keep
clicking until you get to the correct x vaue. Click and drag the green line horizontaly over the invdid data
region (going just beyond the plot region if you wish), and release the mouse button. Click on "Invalidete'.
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4.85 Click on"OK". The"Edit" window disgppears and the invaid regions show in the surface dataas a
cyan plot. Repesat any detrending above to make them hold for thisvaid region.

4.9  The surface data in the form of resdua dope is likely the most important plot that the beamline
designer will get. Save this surface data (edited to include the CA and detrended) with a unique, descriptive
filename.

4.10 If the vendor is dso interested in the results, he would likely be interested in the resdud height
profile. Click on "Detrend”, "Integrate’, "Geometric'. In response to "Set current data to this integra ?',
cdickon"Yes'.

4.11 Many other useful functions are under the "Detrend” menu. For example, to subtract one surface
function from another, "Scaar Multiply”" one window by "-1" and "Add" it to another surface function.

4.12 The"Andyze' menu provides "Power Spectrd Density” and "Histogram™ plots of the active surface
datawindow. Examplesare shownin Figure 4.6.

5. Shut down

5.1  Unplug power to the motor amplifier unit.

5.2  Lift the brass block that is on the top of the carriage. Move the duminum stubs over so thet the
brass block hangars rest on the stubs.

5.3  With one hand touching the metd table top, turn off the laser diode by pressng the "output’ button
on the ILX power supply. Do not turn off main power to the ILX power supply.

54  Turnoff the outlet strip over LTP table.

55 Turn off the air vaveto the air drier.

5.6  Switch off theair drier compressor.

5.7  Turn off computer, monitor, and printer.
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Figure 4.6 Power spectral density and Histogram plots.

5.8  Return SUT to its protective cover, and bring outside the LTP room.
5.9  Turnoff fansand lights. Leave the LTP room and close the door.

No equipment should be left running in the LTP room that will disspate a Sgnificant amount of hest,
since the HEPA fans will not be running to circulate the air. Heet builds up in the LTP room very quickly.
The ILX power supply does not disspate a sgnificant amount of heeat, so leave it on.
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6.0 Documentation

6.1 From*“File’, “Print...”, make a printout of the surface. One or two printouts that are representative
of the surface should be made; don’t overwhelm the owner with many pages of plots.

6.2  Completdy fill out the Measurement Summary, sSigning and dating at the bottom.

6.2.1 Scan length for the LTP section should be for the CA.

6.2.2 The 'Resdud Surface Figuré should be the pesk-to-valey (P-V) resdud height, which is
determined by integrating the resduad dope asin section 4.10.

6.2.3 'Reddud Surface Figure may contain two entries, if the SUT is nomindly flat: one entry for the
resdud figure if the curvature were not removed (detrending as in section 4.7), and another entry for
curvature having been removed (detrending as in section 4.8).

6.2.4 In addition, the mirror vendor may appreciate the resdud surface figure given in his teems.  the
'number of waves. Divide 633 nm (one wave of red light) by the P-V variation of theresiduad height. Enter
thisresult as'"l / result”.

6.3  Repack the optic inits outer container, so that it is exactly asit arrived.

6.4  Make copies of the Measurement Summary, LTP printouts, and other ingrument measurements.

6.5 Return the optic and origind of the Measurement Summary (with any gppropriate LTP printouts
and other instrument measurements) to the owner.

6.6  Store copies of the Measurement Summary, and al other printouts in the appropriate file folder in
the ALS Optics Documentation file cabinet.

Thisendsthe LTP procedure.
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Appendix A :  Sopecalibration of theLTP

The LTPis cdibrated for accurate dope measurement using the 25mm square diffraction grating in
accordance with LSBL-160, "Angle cdibration of the Long Trace Profiler usng a diffraction grating”, 26
Aug 92. The parameter that is set for proper cdibration isthe Opticd System focd length f. This
parameter isfound in menu items "Hardware; Manua Operation”, "Parameters, Optical Parameters'.

Procedure.  Remove internd beamsplitter and any mirror on the table. Replace the externd
reference mirror with the grating so that orders are separated verticaly. Get the two strongest ordersto
gppear on one array and nothing (not even ghosts) on the other array. In " Scan; Measurement”, set
"Intengty Petterns' to "2,0" and make a measurement scan over the length of the profiler travel with an
interva of maybe every 10mm. After converting I2S, subtract one dope function from the other (using
"Detrend; Scdar Multiply” by -1.0, and then "Detrend; Add" the other surface title). The difference dope
function will have an RMS variaion v of about 3.8 mrad. To solve for the corrected focd length f,
caculate:

f=v* fo/3.8804,
where fo (found in "Parameters, Opticd Parameters') isthe previous vaue for f. Replace fo with f.
Update the text document in the "Calib" folder with entries like these:

25 Apr 97 cdlibration: was 1200.0; now 1202.8 [mm]. --sCi.
28 Apr 97 cal: was 1202.8; now 1206.558; --sci.
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Appendix B : Setting the I ntensity Pattern Sequence

In the older DOS version the operator performed a measurement scan with three beams if he was
using any reference beam at al. (The words 'beam’ and "pattern’ are used synonymoudy here. A 'beam' is
abundle of light rays from the laser source that goes through the LTP opticd syslem. Each beam produces
an intengty 'pattern’ on the detector array.) The pattern from a particular beam is seen within each picture
that the cameratakes. Thus for each x position there would be three patterns in the intengty datafile. (See
LSBL-290 "L TP Measurement Scan Conventions' [1] for definitions of these terms.) An 12S conversion
was done on each pattern set to give adope function for each pattern. Then an external program TBP.EXE
processed the three resulting dope functions to give a fourth dope function, which was the corrected dope
function of the mirror. TBP.EXE smply performed a linear combination of the three dope functions in
accordance with "Improved measurement accuracy in along trace profiler: Compensation for laser pointing
ingability”, Nuclear Instruments and Methods in Physics Research, Vol. A347, (1994), 226-230 [2].

In LTPw (Windows 95 verson), more flexibility is given the operator so that any number of patterns
can be used, and the patterns can be in any sequence. The operator should still use the reasoning in [2] so
that the measurement is compensated properly. From [2], Equation (4)

sx) = [M(X) +R(X) - 2L(Xx)]/ (-2,
if three patterns are used. If two patterns are used (e.g. if pointing error L (X) is combined with R (X) usng
aDove prism), then

s) = [M(X) +RX]/(-2).
This nomenclature assumed that one detector array was used. R (), M (X), L (X) were the right, middle,
|eft patterns on the array, respectively.

In LTPw, if three patterns are used with a sngle array detector, then "Nr. Patterns’ would be "3".
After 12S processing, three dope functions will appear, and the next step isto dlick on "Process’, "Multiple
Pattern”. A didog box appears that allows the operator to change the sequence of patterns in the linear
combination. If the three patterns are arranged on the one array from left to right as L, M, R, then
"Surfaces' will be "S0,S1,S2", and "Respective Multipliers' should be "2,- 1,- 1". If the camera has been
rotated 180°, then dl the dope measurements are reversed, and "Respective Multipliers’ would then be
"-2,11"

In LTPw, if two patterns are used with a single array detector, then "Nr. Petterns’ would be "2",
"Surfaces’ will be"S0,S1", and "Respective Multipliers' should be™ 1,- 1".

In LTPw, if three patterns are used with a dua array detector such that the SUT pattern is on the
firg trace (yelow), theinternal REF is & left on the second trace (green), and the externd REF is at right on
the second trace (green), then "Nr. Petterns’ would be "1,2", "Surfaces’ will be "S0,S1,S2", and
"Regpective Multipliers' should be ™ 1,2,- 1"
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In LTPw, if two patterns are used with adua array detector such that the SUT patternis on the first
(yellow) trace and the only REF pattern is on the second (green) trace, then "Nr. Patterns’ would be "1,1",
"Surfaces’ will be"S0,S1", and "Respective Multipliers’ should be™ 1,- 1",

However, if adove prism is used in the REF beam, then “Respective Multipliers’ should be “-1,1".
Agan, “Nr. Patterns” will be “1,1” and “Surfaces’ will be “S0,S1”. This is the arrangement used by the
ALS/OML mogt often in 1998.

If adope cdibration is to be performed using a grating in accordance with Appendix A, then (using
adud aray detector) there will be two patterns on the first trace (yellow), and none on the second trace
(green). In this case, "Nr. Patterns’ would be "2,0", "Surfaces’ will be "S0,S1", and "Respective
Multipliers’ should be™ 1,- 1" or "1,1".



